ABSTRACT. Excitatory amino acid transporters (EAATs) are important for terminating glutamatergic neurotransmission and protect central nervous system (CNS) neurons from glutamatergic excitotoxicity. We selected these genes as targets that may relate to canine behavioral traits. After screening four EAAT genes (glutamate transporter-1; GLT-1, excitatory amino acid transporter 4; EAAT4, excitatory amino acid carrier; EAAC1, glutamate/aspartate transporter; GLAST) for single nucleotide polymorphisms (SNPs), we identified two silent SNPs (C129T and T471C) in the GLT-1 gene. We genotyped 193 dogs of 5 breeds and found significant variation among breeds in these two SNPs in GLT-1. The C129T polymorphism was not observed in Malteses and Miniature Schnauzers. These results suggest that polymorphisms in the GLT-1 gene may be useful markers for examining how the genetic background relates to the behavioral traits of dogs.
Glutamate is a major neurotransmitter in the brain and is central to learning and memory [8] . Glutamate also contributes to synaptic plasticity, pain perception, and the regulation of neuroendocrine function. However, high extracellular concentrations of glutamate may cause pathological symptoms such as mania or panic, and several neurodegenerative diseases [1] .
Excitatory amino acid transporters (EAATs) play important roles in the termination of glutamatergic neurotransmission and the protection of neurons from glutamate-induced excitotoxicity in the central nervous system (CNS). The EAAT gene family comprises the glutamate/aspartate transporter, GLAST (EAAT1); glutamate transporter-1 (GLT-1; EAAT2); and the excitatory amino acid carriers, EAAC1 (EAAT3), EAAT4, and EAAT5. The GLAST, GLT-1, EAAC1, and EAAT4 are located primarily in the CNS, whereas EAAT5 is restricted to the retina in most mammals, including rodents, humans, and cattle [9, 13] . In the CNS, GLAST and GLT-1 are specific to glial cells, while EAAC1 and EAAT4 are found in neurons [4, 5, 8] . The regional distribution of GLAST, GLT-1, and EAAC1 in dogs [11] and GLAST and GLT-1 in rats [12] varies.
Dogs express substantial individual variation in temperament. To investigate how the genetic background may be related to differences in canine temperament, we have identified several potential genetic markers in neurotransmitterrelated genes [3, 6, 7, 14] . In this study, we searched for polymorphisms in canine EAAT genes and analyzed its genetic diversity among different breeds of dogs.
The sequences of the canine EAAT genes have been reported previously (GLAST: GenBank accession number AF067847; GLT-1: AF167076; EAAC1: AF167075; and EAAT4: AF167077). To search for polymorphic sites within these genes, we first amplified the nucleotide sequence of the most of full-length transcripts of GLAST, GLT-1, EAAC1, and EAAT4 obtained from brain cDNA of 10 unrelated Beagles. The forward and reverse primers used to amplify GLAST, GLT-1, EAAC1, and EAAT4 are presented in Table 1 . We performed PCR amplification of the aforementioned genes using 50 ng cDNA in a 50 µl reaction volume that comprised 200 µM of dNTPs, 5 µl of 10 × Ex Taq Buffer (TaKaRa, Japan), 0.5 µM of each primer, and 1.5 units of Ex Taq (TaKaRa). After initial denaturation (95°C; 5 min), PCR was performed for 35 cycles at 95°C for 60 s, followed by one cycle each at 58°C (45 s) and 72°C (60 s), and a final extension at 72°C for 5 min. The amplified products were sequenced directly using the dye termination method and an ABI 3100 Genetic Analyzer (Applied Biosystems, U.S.A.).
To assess genetic variation in the two single nucleotide polymorphisms (SNPs) that were identified (see below), samples of peripheral blood were obtained from 193 dogs of five different breeds (47 Golden Retrievers, 41 Labrador Retrievers, 40 Malteses, 26 Miniature Schnauzers, and 39 Shibas) [3, 6, 7, 14] . Genomic DNA was extracted using the QIAamp Blood Midi Kit (Qiagen, U.S.A.), and then dissolved in H 2 O and stored at 4°C until PCR. To genotype the SNP in GLT-1, we used the following primers (Forward: 5'-GCCTCTAACCATGACATCTG -3', Reverse: 5'-CAAATGGCTAGGGCAGGTAAG-3' for C129T, Forward: 5'-GGCAGGTTATGGGTATGCAG-3', Reverse: 5'-CTGGTACACTGAAACACTCTCC-3' for T471C Ex Taq. PCR cycling conditions were as described above, except that the cycle at 58°C was 60 s. The amplified fragments were sequenced directly as described above, and were genotyped. Interbreed allele frequencies were compared using the χ 2 test. One SNP was identified within the coding region of the EAAT4 gene (G1060A) after screening the Beagle brain cDNA (G/G, n=7; G/A, n=2; A/A, n=1), but this SNP was not found in any of the other five breeds. Further study of a greater number of breeds is required to determine whether this SNP is specific to Beagles.
We identified two SNPs (C129T and T471C) within the coding region of GLT-1 gene after screening the Beagle brain cDNA. Neither of these SNPs resulted in amino acids substitution, and both were identified in other breeds. There were no polymorphisms in the coding region of EAAC1 and GLAST. Because GLT-1 accounts for ~90% of glutamate reuptake within the rodent forebrain [10, 16] , this gene may also play a major role in glutamate reuptake within the canine forebrain.
The genotype and allele frequencies of the GLT-1 polymorphisms in each of the breeds that we examined are presented in Table 2 . There were significant differences among breeds in the actual number of genotypes of C129T (χ 2 = 10.7, df = 4, p<0.05) and alleles of C129T (χ 2 = 15.8, df=2, p<0.05), genotypes of T471C (χ 2 =106.3, df=8, p<0.001) and alleles of T471C (χ 2 = 99.1, df=4, p<0.001). Regarding the C129T polymorphism, the C allele variant was dominant in all 5 breeds, and both Malteses and Miniature Schnauzers only had the C allele. On the other hand, frequencies of the T and C allele variants of the T471C polymorphism were inconsistent among the 5 breeds as shown in Table 2 . It is interesting that the T allele variant of the C129T polymorphism was observed only in three of the five breeds, namely, Golden Retrievers, Labrador Retrievers, and Shibas. According to previous reports [2, 15] , these three breeds have relatively low ranks in behavioral traits that reflect 'Excitability'. With regard to the T471C polymorphism, Golden and Labrador Retrievers had a relatively higher proportion of the C allele variant, whereas Miniature Schnauzers and Shibas had a relatively higher proportion of the T allele variant; in contrast, the frequencies of the T and C allele variants in Maltese were approximately equal (48.7 and 51.3%, respectively). Such a contrast between Golden and Labrador Retrievers on the one hand and Miniature Schnauzers and Shibas on the other hand has also been reported for some of defensive behavioral traits [2, 15] . However, our results are not direct evidence of a link between polymorphisms in GLT-1 gene and behavioral traits. Further research using larger sample sizes and a greater number of breeds is required to clarify this issue.
In conclusion, we found two silent SNPs in the canine GLT-1 gene, and the allele frequencies of these SNPs differed among breeds. These results suggest that polymorphisms in the GLT-1 gene may be markers that can be used to examine the relationship between genetic background and the behavioral traits of different dogs.
